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Background. Video-assisted real-time simulation (VARS) oﬀers the possibility of developing competence in acute medicine
in a realistic and safe environment. We investigated the eﬀectiveness of the VARS model and compared it with educational
methods like Problem-Based Learning (PBL) and Pediatric Advanced Life Support (PALS). Methods. 45 fourth-year medical
students were randomized for three educational methods. Level of knowledge and self-eﬃcacy were measured before and after
intervention. Clinical performance was measured by a blinded observer using a video checklist of prescripted scenarios on a
high-fidelity simulator. Results. Knowledge test and self-eﬃcacy scores improved significantly (P < 0.001) without diﬀerences
between educational groups. The VARS group showed significantly (P < 0.05) higher scores on both postintervention scenarios
concerning structure and time. Conclusion. VARS training is an eﬀective educational method teaching pediatric acute care skills
in the undergraduate curriculum. When compared to PBL and PALS training, VARS training appears to be superior in enhancing
short-term clinical performance.
1. Background
The introduction of high-fidelity patient simulation into
medical education programs for residents and medical
staﬀ has occurred at a rapid pace in training programs
of disciplines with complex patient environments like
anesthesiology, pediatrics, and emergency medicine [1–7].
Simulation provides a learner-focused and safe educational
environment, without patient risk. It enables us to design
clinical training experiences tailored to medical discipline
and level of experience. Therefore, patient simulation is
considered to be an excellent educational tool to prepare
junior doctors for daily clinical practice [8–11]. However,
evidence on the eﬀectiveness of high-fidelity simulation
training in the undergraduate curriculum is scarce. One
randomized controlled trial compared high-fidelity simu-
lation to problem-based learning (PBL) [12]. The authors
concluded that simulation-based training was superior to
PBL for the acquisition of critical assessment and manage-
ment skills. In other studies, which compared simulation-
based training to educational models as traditional lectur-
ing, screen-based simulation and video-assisted learning,
high-fidelity simulation was not superior [13–15]. One
study investigated the comparative eﬀectiveness of diﬀerent
simulation-based acute care training methods and found
no significant advantage of using whole-body manikins
over computer screen-based training and simple part-task
manikins. However, full-scale patient simulation appeared to
be more eﬀective in transferring previously learned clinical
skills into new emergency situations [16]. These mixed
results can probably best be explained by diﬀerent levels
of experience in participants and variability in context and
learning goals of educational programs. This emphasizes the
importance of selecting the right time and use for this type
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of sophisticated and relatively expensive educational tool
during the medical curriculum.
All previously mentioned trials focused on the manage-
ment of critically ill adult patients. These results cannot easily
be extrapolated to pediatric medicine, considering the diﬀer-
ences between adult and pediatric critical care management.
Pediatric resuscitation primarily relies on early recognition
and treatment of respiratory rather than circulatory events,
which requires a diﬀerent focus. Also inpatient resuscitation
in children is uncommon, providing few opportunities to
bring acquired skills into practice [17, 18]. To overcome
the paucity of exposure to real-emergency situations and
promote retention of skills, structural practice in a simulated
learning environment with immediate feedback should take
place repeatedly [19].
Video-assisted real-time simulation (VARS) oﬀers the
possibility of developing competence in acute pediatric
medicine without relying on clinical exposure alone. In a
realistic and safe environment, students have to recognize
and manage an acute pediatric problem and perform their
skills in real time on a high-fidelity simulator. This is
followed by a structured video-assisted debriefing, during
which feedback is given. The VARS concept is well suited to
train for emergency situations which are rare, but for which a
certain level of preparedness and self-confidence is essential.
We designed a study to evaluate the eﬀectiveness of a
single VARS training in pediatric emergencies in undergrad-
uate medical students. In this prospective, blinded, and ran-
domized trial, we compared high-fidelity VARS training to
other more traditional educational models (problem-based
learning (PBL) and scenario training) using an advanced life
support (ALS) manikin as used in the European Pediatric
Life support Course (EPLS) provider for skills training in
acute pediatric care.
2. Methods
2.1. Study Design, Setting, and Population. The concept of
our medical curriculum is based on national normative goals
concerning learning outcomes according to the competency-
based CanMEDS framework. The skills necessary for the
recognition and treatment of the seriously ill infant, child,
and adult are trained in the Skill and Simulation Unit of
our centre during the Master’s degree program (fourth-
and sixth-year students). This study was conducted in the
Skills and Simulation Unit of our centre. Scenarios took
place using a high-fidelity patient simulator (PediaSIM by
METI) in a simulation theater equipped with cameras and
microphones. We used a scripted nurse in all three scenarios.
A total of 88 fourth-yearmedical students enrolled in a three-
week preclerkship general pediatric course using problem-
based learning. During this course one day was spent to
familiarize students with the assessment and management
of children with acute life-threatening problems. A total of
63 students gave written informed consent to participate
in our trial. Our study was limited to 45 students, which
were randomly selected to enroll in our study. They were
informed that performance assessments generated from the
study would not aﬀect their course evaluation. The study
was approved by the Radboud University Medical Faculty
Board. Students were blindly randomized in three diﬀerent
educational groups (group 1: PBL, group 2: PALS, and
group 3: VARS). Students not included in our trail received
training according to PBL principles without participating
in simulated scenarios. Absence during any portion of the
training resulted in exclusion from the study. An overview of
the study design is shown in Figure 1.
2.2. Orientation Phase. After randomization, students par-
ticipated in a standardized introduction session in the
simulation room reviewing the features of the simulator and
available equipment. They were given the opportunity to
familiarize with the simulator and simulation room, the use
of equipment, and practice skills (e.g., auscultation and iv
access).
2.3. Pretraining Assessment. The pretraining assessment took
place after the orientation phase in our simulation room.
The setting of the pretraining scenario consisted of an
acute respiratory problem (pleural empyema). Students were
expected to individually recognize and manage altered vital
signs as dyspnea, tachycardia, and desaturation on a high
fidelity simulator (PediaSIM by METI). The content of this
scenario was based on predesigned curricular objectives and
had a maximal duration of 10 minutes. After the pretraining
assessment, students received no video debriefing or feed-
back. Performance of students was recorded on video for
oﬄine video scoring by blinded raters (medical staﬀ) on
acute care skills using a standardized checklist.
2.4. Educational Intervention. Following the orientation
phase and pretraining assessment, all students received an
interactive introduction lecture on acute pediatric medicine.
After this lecture group 1 (n = 15) engaged in self-directed
learning based on a written case stem including three patient
cases in acute pediatric medicine (acute asthma, sepsis, and
dehydration). Group 2 (n = 15) practiced scenarios on
an advanced life support pediatric manikin (Megacode kid
by Laerdal) on the same topics as listed in group 1. The
“low fidelity” features of the manikin caused the need for
receiving oral information from an instructor present in the
room during the scenario. Afterwards these students received
feedback on their performance by an instructor based on
recalling the participant’s actions afterwards. Group 3 (n =
15) trained on a high-fidelity patient simulator (PediaSIM)
using computer-based scenarios on the same three topics
as listed in group 1. The responses to the student’s actions
were displayed on the patient monitor in a real-time fashion.
These training sessions were videotaped and discussed by an
instructor during a debriefing. All groups received the same
amount of educational time (5 hours) in their educational
environment. All instructors were experienced pediatricians
and educators (PALS and VARS instructor) and used the
same, previously established, learning objectives. Following
the intervention session, all students received an interactive
closing lecture. The learning objectives of acute asthma,
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Figure 1: Overview of study design.
sepsis, and dehydration were discussed and evaluated with
the opportunity to ask questions.
2.5. Posttraining Assessment . On day 12 of the pre-clerkship
course all included students (n = 45) participated in two
final assessment scenarios. The format of the post-training
assessments was identical to the pretraining assessment
where again each student had to manage a critically ill child
in a 10-minute prescripted scenario. The first posttraining
scenario was a meningococcal sepsis and had a similar
content to one of the three central study themes (sepsis). The
second assessment scenario, anaphylactic shock, presented a
new problem for all students and was designed to study the
development of problem-solving skills, as neither group had
explicitly practiced the management of this condition during
the educational intervention. However, in the introduction
lecture, all students received information about the recog-
nition and management of anaphylactic shock. During all
scenarios, group members were separated in order to avoid
sharing of information about scenario content. We chose not
to give any feedback on student performance directly after
post-training assessments in order to avoid influence of the
educational eﬀect of the assessment.
2.6. Knowledge and Self-Eﬃcacy Tests. At the start and end
of the pre-clerkship pediatric course, all students were tested
on their knowledge of acute pediatric management by a 45-
item MCQ test designed by the Dutch Foundation for the
Emergency Medical care for Children, range from 0 to 100%.
Also every student filled out a self-eﬃcacy form on their
pediatric resuscitation skills before and after the pediatric
course. We used a validated Visual Analogue Scale (VAS),
range from 0 to 100mm, to measure self-eﬃcacy at the start
and end of the pediatric course [20].
2.7. Checklist Scoring . A standardized checklist unique for
every scenario consisted of items on an ABC-structured
approach, duration of primary survey, therapy, reassessment,
and diagnosis. To generate a weighted score-higher-point
values were assigned to critical actions (Table 2). Critical
actions are actions that have a direct eﬀect on outcome and
survival of the patient when not performed in time (based
on European Resuscitation Council (ERC) guidelines for
Advanced Pediatric Life Support 2005). All checklists items
where scored in a yes or no manner by a rater not otherwise
involved in the students’ curriculum and blinded to group
assignment. A total score per scenario was calculated for
each student (percentage of checklist items performed) with
a range from 0 to 100%. To test the reliability of our
checklists, the pretraining and both post-training scenarios
of 30 randomly selected students were scored by a second
blinded rater. Students and instructors did not have access
to the checklist forms until the study was completed.
2.8. Statistical Analysis . Descriptive statistics were calculated
for students’ knowledge and self-eﬃcacy. We used repeated
measures ANOVA to investigate a significant change inMCQ
and VAS scores before and after the pediatric course. To
compare clinical performance between educational groups,
a total checklist score per scenario was calculated for
each student. A repeated measures ANOVA was used to
investigate significant changes in pre- and post training
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Figure 2: Change in MCQ scores (from 0 to 100% of maximum
score) before and after the pediatric training program significant
increase (P value < 0.001). No significant diﬀerences between
groups (P value = 0.48).
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Figure 3: Change in self-eﬃcacy VAS scores (from 0 to 100mm
visual analogue scale) before and after the pediatric training
program significant increase (P value < 0.001). No significant
diﬀerences between groups (P value = 0.40).
assessments and significant diﬀerences in checklist scores
between educational groups (PBL, PALS, VARS). We chose a
repeated measures ANOVA, because all students participated
three times in a simulated scenario. Using a standard ANOVA
to compare means would not be appropriate in this case
because it fails to model the correlation between the repeated
measures (the ANOVA assumption of independence would
be violated). A P-value < 0.05 was considered significant
for all statistical tests. An Intra Class Correlation (ICC)
coeﬃcient for each scenario was computed to test the
interrater agreement and test the reliability of our checklists
in detecting students’ growth in clinical performance. Data
were analyzed using SPSS 16.0.
3. Results
A total of 45 students voluntarily enrolled in our study
during a three-month period. Two students were not able to
attend the intervention session and were excluded from our
study, leaving 43 students for evaluation.
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Figure 4: Increase in clinical performance (means, percentage
of maximum score) from the preintervention scenario (1) to
both postintervention scenarios. These results show significant
diﬀerences between educational group mean scores (P < 0.001).
Also learning curves per educational group are statistically diﬀerent
(P < 0.01).
Knowledge test (MCQ) scores improved significantly
(P < 0.001) following intervention without significant
diﬀerences between the three study groups (P = 0.48) as
shown in Figure 2. There was also an overall improvement
in self-eﬃcacy scores after intervention (P < 0.001), again
without significant diﬀerences between groups (P = 0.40)
(Figure 3). Although we found no statistical diﬀerences
between educational groups, Figure 3 shows a slightly less
increase in self-eﬃcacy scores in the VARS group compared
to the other groups.
The checklist scores on clinical performance in both
groups indicated no basis for rejecting a normal distribution.
The mean pretraining clinical assessment scores were com-
parable between the three study groups. The mean scores of
the post-training assessment scenarios increased significantly
compared to the pretraining assessments for all study groups
(P < 0.001) (Table 1).
We found significant diﬀerences between educational
groups (P < 0.05). Increase in clinical performance from the
preintervention scenario to both postintervention scenarios
is shown in Figure 4. In this figure the VARS group shows
the steepest learning curve, with significantly the best
improvement on checklist scores (P < 0.05).
The percentage of interrater agreement on checklist
scores was excellent with an Intraclass Correlation Coef-
ficient of 0.95 on scenario 1 (pleural empyema), 0.94 on
scenario 2 (meningococcal sepsis), and 0.91 on scenario 3
(anaphylaxis) after randomly scoring 66% of all scenarios by
a second rater using a weighted yes/no checklist.
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Table 1: Clinical performance scores by educational group.
Group PBL (n = 14) PALS (n = 14) VARS (n = 15) P value
Pretraining 34,43 (11,65) 35,50 (7,99) 35,67 (13,36) 0.953
Posttraining 1 50,79 (9,50) 60,86 (9,00) 68,80 (9,63) 0.000
Posttraining 2 60,64 (13,4) 63,50 (13,20) 73,60 (11,34) 0.013
Pretraining scores (means and standard deviations) were equivalent for the PBL, PALS, and VARS group (P value = 0.95). There is a significant increase
in mean checklist scores before and after intervention for all educational groups (P value < 0.001). Also these results show a significant diﬀerence between
educational groups with VARS group showing the highest checklist scores on both posttraining assessment 1 and 2 (P value resp. <0.001 and 0.01).
4. Discussion
Students were eager to commit themselves to the study and
made many positive comments about the opportunity to
practice clinical skills in a safe environment. They reported
that the training sessions with specific and direct feedback on
clinical skills and problem management (PALS and VARS)
motivated them to improve themselves and increased their
confidence before entering a clinical clerkship. According
to literature, this is a very important observation because
improved self-eﬃcacy encourages positive thinking, allowing
a person to visualize successful performance and is likely
to increase a doctor’s motivation to continuously improve
resuscitation competence [21].
However, we also demonstrated improved knowledge
and self-eﬃcacy on acute pediatric skills after a one-day
training session, regardless of the educational model that
was used. One could even say that self-eﬃcacy in acute
management of children tends to increase less after high-
fidelity VARS training compared to the increase seen fol-
lowing problem-based learning and PALS training although
we could not establish a statistical significant diﬀerence.
Possibly this eﬀect can be explained by the fact that during
VARS training students are more exposed to the stress of
actually having to perform their actions real time and quickly
respond to the changing status of the patient. This could help
students to recognize howmuch they still do not know after a
single training event and how diﬃcult it can be to adhere to
a structured approach during stressful circumstances. This
observation is supported by previous research indicating
that participation in simulated emergency situations does
increase the perceived need of junior doctors for more
supervision and assistance of other team members [22].
Our main results show improved skill acquisition in
students trained on a high-fidelity simulator using the VARS
method compared to PBL or PALS training. The primary
diﬀerences in the VARS group were the realistic real-time
environment and the opportunity to give individual feedback
on clinical performance based on the video-taped scenario.
The actual equipment, a Pediasim manikin and monitors
which modeled physiological changes in vital parameters,
provided a very authentic situation for the student. A facili-
tating instructor, always present in the room during the PALS
scenarios, wasn’t necessary during the VARS training, and
feedback and physiological changes were obtained from the
patient and monitor during the scenario. This likely evokes
a more engaged approach to the patient’s problem by the
students participating in the VARS training. During video
debriefing formative feedback is given, while the students can
watch their performance on a screen underlined by changes
in the condition of the patient and his vital parameters.
Individualized feedback with video-taped material of actual
actions is a very important aspect of learning clinical rea-
soning and skills [23]. Ideally, students and residents would
receive regular formative feedback on their performance
from their supervisors, but, in day-to-day clinical practice,
this is not easily accomplished [24, 25]. High workload and
the necessity to act promptly in emergency situations have
an unfavorable eﬀect on the ability of supervisors to engage
in debriefing or individualized feedback. The structured
approach of VARS training can both assist in identification
of training needs and provide training for the intervention
with feedback and an individualized learning path as a very
powerful tool to improve clinical competence.
At this point, our single intervention without long-term
followup, seriously limits conclusions about retention of
skills. To maintain and enhance skills, students need repeat
exposure to simulation. Repeated training and participant
followup until finishing their pediatric clerkship could have
filtered out the training eﬀect of our assessments and
answered questions about long-term outcomes.
Another limitation is the fact that all assessments were
conducted in a simulated setting and not during actual
patient care. Considering the low frequency of pediatric
emergencies, the use of highly realistic simulations is con-
sidered to be the best alternative up to this point. Of course
the high-fidelity patient simulator has face validity [26, 27],
but there are concerns that performance of junior doctors
in a simulated environment, were there are fewer cues to
correct performance, may result in a worse performance than
might otherwise take place. On the other hand, it could be
argued that the simulated environment, without the stress
of dealing with a living patient that might die, may result
in an enhanced performance. To ultimately study whether
high-fidelity simulation training actually makes a diﬀerence
to patient outcome and whether it will be cost eﬀective will
be a challenge. Nonetheless, these are important questions to
be answered. Internationally medical university institutions
are on a tight budget, and funding a high-fidelity simulator,
with well-trained instructors for ongoing refresher training
sessions for medical personnel, is expensive.
However, supervisors of care should ask themselves
whether health care workers, who cannot demonstrate a
structured and safe performance on a high-fidelity simulator,
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Table 2: Example checklist scenario 2 (meningococcal sepsis). Scoring takes place in a yes or no manner with an item score ranging from 0
to 2.— areas indicate critical actions. These critical item scores are tripled, creating a weighted score. A total score per scenario was calculated
for each student (percentage of checklist items performed) with a range from 0 to 100%.
Airway management Score
(1) Assess airway
0-no assessment
2-look/listen/feel, talks to pt
(2) Oxygen applied (high-flow
NRM)
0- no oxygen applied
1->60 seconds
2-<60 seconds
—
Breathing
(1) Asks for signs of respiratory
distress
0-no
1-yes
(2) Assess respiratory rate
0-no
1-yes
(3) Auscultation
0-no
1-yes
(4) Assess thorax excursions
0-no
1-yes
(5) Percussion
0-no
1-yes
(6) Checks monitor for
saturation
0-no
1-yes
Circulation
(1) Checks monitor for BP and
HR (time to recognition of
vitals)
0-no monitoring
1->60 seconds
2-<60 seconds
(2) Asses pulses
(central/distal)
0-no
1-incomplete
2-yes
(3) Assess CRT
(5 seconds sternum)
0-no
1-incorrect
2-correct
(4) Time to IV access
0-no access
1->5 minutes
2-<5 minutes
—
Duration primary survey (ABC
completed)
0->5 minutes
1-1–5 minutes
2-<1 minute
—
Adherence to ABC structure
0-no
1-partially
2-yes
—
Therapy
(1) Antibiotic therapy
0-no or incorrect dose
1-yes, asks pediatrician for dose
2-yes, and knows correct dose
—
(2) Dexamethasone
0-no
1-yes, asks pediatrician for dose
2-yes, and knows correct dose
(3) Blood culture
0-no
1-yes
(4) Checks glucose
0-no
2-yes
(5) Fluid bolus
(20mL/kg NaCl 0.9%)
0-no
1->5 minutes
2-< 5 minutes
—
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Table 2: Continued.
Airway management Score
Therapy
(6) Recognizes need for second
fluid bolus
0-no
2- yes
(7) Proposes inotrope therapy
after fluid resuscitation
0-no
2-yes
Reassess ABC
0-no
2-yes
Diagnosis (meningococcal sepsis)
0-incorrect
2-correct
—
Total score
% maximum (67)
should be allowed to perform these skills on real patients.
That’s why these costs should be considered in the light of a
shared investment in patient safety and quality of care.
5. Conclusions
This study of acquisition of skills in managing an acutely
ill child using three diﬀerent teaching methods indicates
that video-assisted real-time simulation is an eﬀective edu-
cational tool in the undergraduate curriculum. All training
methods resulted in improved knowledge, self-eﬃcacy, and
clinical skills, but VARS training significantly improved
clinical performance compared to PBL and PALS training in
the short term. Long-term eﬀects should be measured during
a followup study.
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